Further scaling of complementary metal-oxide-silicon field-effect transistors (MOSFETs) is thought to require the use of alternative gate dielectrics with higher dielectric constants [1] . Epitaxial gate dielectrics afford atomically abrupt interfaces with Si that are required for the ultimate scaling of MOSFETs. Epitaxial oxide/Si heterostructures are also of interest as templates for the integration of epitaxial functional materials with Si [2] . Binary insulators with the cubic fluorite structure, and its derivatives, are known to grow epitaxially on (111) oriented Si [3] [4] [5] [6] [7] [8] [9] [10] . Oxides with the pyrochlore and bixbyite structures are vacancy-ordered derivatives of the fluorite structure and have lattice parameters that are approximately twice that of Si. A close lattice match with Si and other semiconductors can be achieved by alloying [5, 11] .
Extended defects, such as planar faults and dislocations, may determine the utility of novel oxide/Si heterostructures for devices because defects may be replicated into active device layers that are subsequently grown on them. Defects, such as misfit dislocations, at the Si/gate dielectric interface influence the mobility of charge carriers in the underlying channel. The goal of this paper is to investigate the nature and origin of extended defects in bixbyite/Si epitaxy by investigating the microstructure of Sc 2 Si and GaN-based devices, due to its relatively high dielectric constant (13-14 [13, 14] ), large reported band gap of ~6 eV [14, 15] and predicted thermodynamic stability in contact with Si [16] . films from absorbing moisture. Cross-section and plan-view transmission electron microscopy (TEM) samples were prepared by standard TEM sample preparation techniques with 3 kV Ar ion milling as the final step (Gatan PIPS). High-resolution TEM (HRTEM) was performed using a field-emission TEM (Tecnai F30U) with ultra-twin objective lens (Cs = 0.52 mm), operated at 300 kV.
Despite the large lattice mismatch, x-ray and electron diffraction show singlevariant, epitaxial growth with a cube-on-cube orientation relationship that is described by † . Cross-section TEM reveals that the domains are columnar, with boundaries that are slightly curved through the film thickness. We next address the question whether these planar defects are antiphase boundaries (APBs).
The bixbyite structure can be described as a vacancy-ordered fluorite with two oxygen vacancies per fluorite unit cell, causing the bixbyite unit cell parameter to be twice that of fluorite in all three dimensions. When islands of a bixbyite oxide, such as 
where m, n and p are integers between 0 and 3. These displacement vectors are consistent with antiphase domains, which transform into each other by translational operations that are present in the parent (fluorite) structure, but are absent in the domains [20] . The number of distinguishable domain variants (16) Strain contrast due to threading dislocations is observed at APB triple junctions (arrows in Fig. 4) . The Burgers circuit shown in Fig. 4 , which is mapped onto the Sc sublattice, yields a projected Burgers vector component of † dislocations that produce a Burgers circuit closure failure when mapped onto the Sc sublattice. It is thus likely that these threading dislocations represent geometrically necessary dislocations that account for the misorientation of subgrains with respect to the substrate and/or each other, as expected for a system with a large lattice mismatch [23] .
The preferential location of these dislocations at APB triple junctions may be due to two reasons. APB triple junctions represent a defective area of the film, and dislocation may reduce their strain energy if located in these junctions. Secondly, both kinds of extended defects, APBs and threading dislocations, form upon island coalescence and are thus expected to occur in close proximity of each other. 
